Objectives: We performed this study to investigate the association of prehospital supraglottic airway (SGA) on neurologic outcome in cardiac arrest victims with adjustment of postresuscitation variables as well as prehospital and resuscitation variables.
O ut-of-hospital cardiac arrest (OHCA) is one of the major public health problems, and only approximately 8% of OHCA victims are discharged from hospital with good neurologic outcome. 1 To improve neurologic outcome of cardiac arrest victims, optimal oxygen should be delivered to brain tissue during cardiopulmonary resuscitation (CPR). Therefore, current guidelines note that both ventilation and chest compressions are thought to be important for cardiac arrest victims and also recommended that either a bag-mask device or an advanced airway may be used during CPR. 2 However, the prehospital placement of an advanced airway in cardiac arrest victims remains controversial. Despite the fact that endotracheal intubation (ETI) is a common method for securing definite airway, previous studies reported disadvantages of prehospital ETI, such as a misplacement of the endotracheal tube or an interruption of chest compressions. [3] [4] [5] [6] [7] [8] As an alternative method to secure definite airway in a prehospital setting, supraglottic airway (SGA) was developed, although the prehospital use of SGA still has controversies. Several prospective, nationwide, population-based studies showed negative effects of SGA on survival at admission, survival at discharge, and good neurologic outcome, [9] [10] [11] [12] [13] [14] whereas other studies reported that SGA might improve clinical outcomes of cardiac arrest victims. 15, 16 However, most of these studies did not adjust postresuscitation variables but adjusted only prehospital and resuscitation variables. Postresuscitation variables, such as organ dysfunction scores at survival admission and targeted temperature management (TTM) application, also have an influence of the neurologic outcomes of cardiac arrest victims. [17] [18] [19] [20] Therefore, we hypothesized that if we adjust postresuscitation variables, it would provide more clear evidences for the association of the prehospital use of SGA during CPR on the neurologic outcome of cardiac arrest victims. The aim of this study was to investigate the association of the prehospital use of SGA and neurologic outcome of cardiac arrest victims with an adjustment of postresuscitation variables as well as prehospital and resuscitation variables.
METHODS

Study Setting and Population
This study was a retrospective observational study based on multicenter prospective cohort registries, which includes an OHCA registry and a post-cardiac arrest syndrome registry. These registries enrolled consecutive OHCA patients who visited the emergency departments (EDs) of three tertiary medical centers. The exclusion criteria were age less than 18 years, decision of do not attempt resuscitation or termination of resuscitation before arriving at hospital, noncardiac causes, advanced directives or withholding intensive care, any recurrent cardiac arrest event, and follow-up loss. We defined the cardiac etiology if there was no records of a definite noncardiac etiology, such as trauma, hemorrhagic shock, poisoning, drowning, or hanging in the medical records. 21, 22 Data were collected under the approval of the institutional review boards (IRBs) of these institutions, and written informed consent was waived. These medical centers serve a total of 150,000 patients and approximately 350 OHCA victims annually. We retrospectively analyzed the data collected from December 2013 to April 2016 under the approval of the IRB of Seoul National University Hospital.
These registries consist of 1) demographic variables with respect to age, sex, and underlying disease and 2) prehospital variables with respect to collapse time, witness of the cardiac arrest event, bystander CPR, prehospital airway, and initial rhythm. These registries also contain 3) resuscitation variables with respect to in-hospital airway, low-flow time, and acquisition of sustained return of spontaneous circulation (ROSC) and 4) postresuscitation and outcome variables with respect to TTM application, the sequential organ failure assessment (SOFA) scores at survival admission, hospital mortality, and 28-day and 6-month cerebral performance categories (CPC) scale.
The Korean EMS system is a single-tier, basic life support ambulance service operated by the national fire department. Ambulance crews may provide CPR during on-site and in-transit transportation. Only in limited areas can the crews provide care comparable to the intermediate emergency medical technician (EMT-I) level in the United States, including intravenous fluids, endotracheal intubation or laryngeal mask airway (LMA) insertion, and certain medications such as epinephrine under direct medical supervision. However, such advanced life support is not widely available; advanced life support is available only in hospitals in most areas. Therefore, all patients with OHCA should be transferred to the nearest hospitals. 23 
Data Analysis
Prehospital airway types were categorized as 1) none or oropharyngeal airway, 2) SGA, and 3) ETI. SGA and ETI were considered to be advanced airways. According to the 28-day CPC scale, the patients were divided into the two groups: the good outcome group (CPC 1-2) and the poor outcome group (CPC 3-5).
We then investigated whether the prehospital use of SGA is independently associated with good neurologic outcome as follows. First, in survival admitted patients, was there a difference in the prehospital use of SGA between the good and poor outcome groups? Second, if there was a difference, was the prehospital use of SGA independently associated with good neurologic outcome? Third, in total cardiac arrest victims, was there a difference in the prehospital use of SGA between the patients with ROSC and the patients without ROSC? Fourth, if there was a difference, was the prehospital use of SGA independently associated with an acquisition of ROSC? Finally, we also evaluated whether the effects of prehospital SGA on neurologic outcome are more prominent in patients with prolonged CPR (>15 minutes of CPR).
Data are expressed as mean AE standard deviation (SD) or median (interquartile range) for continuous variables and absolute numbers (percentage) are given for categorical variables. Unusual and influential data points as well as the regression assumptions of linearity, multicollinearity were thoroughly investigated. To evaluate which variables are independently associated with good neurologic outcome of cardiac arrest victims, the multivariate analysis using the multiple logistic regression analysis was then applied. We applied direct approach in which all explanatory variables that showed significant difference between the two outcome groups in univariate logistic regression. 24 We used the odds ratio (OR) and their 95% confidence intervals (CI) to show statistical associations between the variables and good neurologic outcome. We tested the fit of our model using Hosmer-Lemeshow test. All statistical analyses were conducted using IBM SPSS Statistics for Windows, version 22(IBM Corp.). p-values of less than 0.05 were considered statistically significant.
RESULTS
A total of 869 cardiac arrest victims were delivered to the ED of three hospitals. Among them, 310 patients acquired sustained ROSC, which is defined as spontaneous circulation maintained for more than 20 minutes without chest compression 25 and were admitted to the intensive care unit for postresuscitation care. The excluded patients were 56 who documented advanced directives or withholding intensive care, had non-cardiac cause arrest, and no data of 28-day CPC score. Finally, 254 patients were analysed for the outcome measure ( Figure 1) .
Of the 254 patients included in the outcome measure, 31 patients had CPC 1, six patients had CPC 2, eight patients had CPC 3, 29 patients had CPC 4, and 180 patients had CPC 5 respectively. A total of 37 patients with CPC 1 and 2 classified as good outcome and 217 patients with CPC 3-5 classified as poor outcome.
Univariate Analysis for Good Neurologic Outcome
We compared the good outcome group and the poor outcome group with respect to demographic, prehospital and in-hospital resuscitation, and postresuscitation variables ( Table 1) . Male sex, short total collapse time, bystander CPR, shockable rhythm, using advanced airway, and using prehospital SGA were significantly associated with 28-day good CPC in univariate logistic regression analysis. Old age, hypertension, and high SOFA score were associated with poor outcome. The time to definite endotracheal intubation was not associated with neurologic outcome. Therefore, age, sex, hypertension, total collapse time, bystander CPR, shockable rhythm, and SOFA score were used as covariates to evaluate the independent association of SGA on good neurologic outcome of cardiac arrest victims.
Multivariate Analysis
After adjustment of differences in demographic factors, resuscitation factors, postresuscitation factors, and SOFA score, prehospital use of SGA had significant association with 28-day good CPC (OR = 7.88; 95% CI = 1.33-46.53; p = 0.023; Table 2 ). Short total collapse time (OR = 0.92; 95% CI = 0.86-0.97; p = 0.005), presence of shockable rhythm (OR = 6.01; 95% CI = 1.21-29.85; p = 0.001), and low SOFA score (OR = 0.72; 95% CI = 0.58-0.88; p = 0.002) were also independently associated with 28-day good CPC. Advanced airway (SGA + ETI) showed no statistical significance (OR = 3.53; 95% CI = 0.86-14.57; p = 0.081).
Univariate Analysis for ROSC Acquisition
In univariate analysis, higher age, witnessed arrest, bystander CPR, and shockable rhythm were significantly associated with an acquisition of overall ROSC (Table 3) . However, the prehospital use of SGA (OR = 0.99; 95% CI = 0.59-1.67; p = 0.976), ETI (OR = 1.14; 95% CI = 0.52-2.49; p = 0.745), and advanced airway (OR = 1.04; 95% CI = 0.67-1.61; p = 0.875) were not significantly related with ROSC. The rate of in-hospital ROSC and pre-hospital ROSC were also not significantly associated with pre-hospital airway management (Data Supplement S1, S2).
Subgroup Analysis Comparing the Nonprolonged CPR and Prolonged CPR Groups Of 254 patients, 58 patients had low flow time equal to or less than 15 minutes (the nonprolonged CPR group), and 196 patients were provided CPR for more than 15 minutes (the prolonged CPR group; Table 4 ). The prolonged CPR group had significantly longer total collapse time (p < 0.001) and higher SOFA scores (p = 0.001), and the rate of 28-day good outcome was lower in the prolonged CPR group (p < 0.001; Data Supplement S3).
In univariate analysis, prehospital use of SGA in the nonprolonged CPR group was not associated with good outcome (OR = 4.50; 95% CI = 0.75-27.13; p = 0.101), but prehospital use of SGA in the prolonged CPR group was significantly associated with good outcome (OR = 3.41; 95% CI = 1.23-9.45; p = 0.018; Table 4 ). In multivariate analysis, the prehospital use of SGA in the prolonged CPR group was independently associated with 28-day good outcome (OR = 8.75; 95% CI = 1.06-72.54; p = 0.045; Table 5 ).
DISCUSSION
Although large, nationwide studies showed unfavorable effects of the prehospital use of advanced airways on the neurologic outcome of out-of-hospital cardiac arrest victims, [10] [11] [12] [13] those data adjusted demographic, prehospital, and resuscitation variables but did not adjust postresuscitation variables. In this study, we found that the use of prehospital SGA was not associated with the acquisition of sustained ROSC. However, we found that when we adjusted postresuscitation variables as well as demographic, prehospital, and resuscitation variables, the use of prehospital SGA was independently associated with 28-day good neurologic outcome, particularly in the prolonged CPR group. 
It is known that standardized postresuscitation care can improve the outcome of cardiac arrest victims, [26] [27] [28] including TTM. 17, 18 Because multiorgan systems are affected after cardiac arrest, successful post-cardiac arrest care is achieved when there is standardized care to actively treat these patients. However, there was no previous study that analyzed the effect of prehospital advanced airway with consideration of postresuscitation care including TTM. As shown in this study, prolonged CPR showed a fairly good neurologic outcome in 8.67% (17/196 ) of patients with cardiac arrest who underwent active postresuscitation care. TTM was applied in 113 (44.5%) of 254 patients treated with active postresuscitation care and was applied to 35.4% of the nonprolonged CPR group and 47.4% of the prolonged group, showing more tendency in the extended CPR group. In these cases, if appropriate airway patency is provided from the prehospital stage, it may contribute to the improvement of neurologic outcome. Thus, we analyzed the prolonged CPR group separately. As shown in the results, the effect of prehospital SGA was more significant in the prolonged CPR group than in the overall patients and in the nonprolonged CPR group. This implies that patients with prolonged CPR may have the opportunity to improve their neurologic outcome if prehospital airway is applied. Patients who acquire ROSC after a relatively short CPR time will not have a significant difference regardless of the provision of prehospital advanced airway because their hypoxic time is short. It is noteworthy that the neurologic outcome is poor if adequate postresuscitation care is not provided after Data are reported as mean AE SD, median (IQR), or number (%). The association of each variable and neurologic outcome was analyzed using logistic regression. p-values less than 0.05 are considered statistically significant. DM = diabetes mellitus; CPR = cardiopulmonary resuscitation; ETI = endotracheal intubation; IQR = interquartile range; SGA = supraglottic airway; SOFA = sequential organ failure assessment; TTM = targeted temperature management.
prolonged CPR. If a patient with prolonged CPR receives adequate postresuscitation care, the use of SGA in the prehospital setting may provide an opportunity to improve prognosis.
As an expected biologic mechanism, previous studies have shown that the lungs have progressive atelectasis during CPR, and positive airway pressure has preventive effect on the atelectasis. 29, 30 Prehospital SGA seems to have a positive effect on the neurologic outcome by improving the aeration of the lung by providing positive airway pressure.
The SOFA score reflecting organ dysfunction in patients after ROSC is highly correlated with the outcome, similar to other studies, 19, 20 but our data are meaningful since prehospital SGA demonstrated an association with good neurologic outcomes despite adjusting SOFA. Our data suggest that, regardless of severity after resuscitation, SGA has a protective effect on the brain, which is more susceptible to hypoxic damage than other organs, by providing earlier and better oxygenation.
LIMITATIONS
This study has several limitations. First, there were no descriptions of SGA type such as LMA (LMA North America), Combitube (Covidien, Inc.), I-gel (Intersurgical), and laryngeal tube (LT, King Systems, Inc.). Therefore, we could not compare interdevice differences. In the previous reports, there are differences in the success rate, ease of use, and airway leakage for different types of SGA. 31, 32 Because of this, the type of SGA is likely to affect neurologic outcomes.
Second, we had only a small number of ETI cases. Wang et al. 33 reported that patients who received ETI had significantly better neurologic outcome than those who received BVM or SGA. In contrast, our study showed that ETI was not associated with neurologic outcome. ETI is the most common airway intervention in the United States; however, most Asian countries have a single-tiered EMS system, and fewer than 10% of OHCA patients receive prehospital ETI by EMTs. 10, 34 Some studies reported that the prehospital ETI success rate ranges from 69% to 98.4%, 5, [35] [36] [37] [38] [39] but the expected success rate will be much lower in this environment. Only 15 of 254 patients (5.9%) received ETI in the study period. Among them, five Total collapse time, shockable rhythm, low SOFA score, and prehospital SGA were significantly associated with good neurologic outcome in multivariate logistic regression. CPR = cardiopulmonary resuscitation; SGA = supraglottic airway; SOFA = sequential organ failure assessment. Data are reported as mean AE SD, number (%), or median (IQR).
The prehospital SGA was not significantly associated with the nonprolonged CPR group, whereas the prolonged CPR group was significantly associated with good neurologic outcome in univariate analysis. CPR = cardiopulmonary resuscitation; DM = diabetes mellitus; IQR = interquartile range; SGA = supraglottic airway; SOFA = sequential organ failure assessment; TTM = targeted temperature management.
patients (33%) were reintubated after arriving at hospital due to misplacement. These results suggest that EMTs are unfamiliar with ETIs, so that time delay or interruption of chest compression can be expected. A previous study has reported that ETI by paramedics can interrupt cardiac compression and cause delays during CPR. 3 Because of this limitation, our results cannot be generalized in assessment of the association of prehospital ETI with neurologic outcome. However, it is still important that prehospital SGA use is associated with good neurologic outcomes in less experienced EMTs.
Third, with the limitation of retrospective analysis of the registry, we were able to separate respiratory origin arrest with cardiac origin arrest except for the presence of a definite noncardiac origin. However, it would be very difficult to distinguish between cardiac origin and respiratory origin immediately in the OHCA field. With this limitation, we have accumulated the registry based on the criteria defined in other current studies. 21, 22 To demonstrate the effect of prehospital airway management on cardiac arrest of respiratory origin, it is necessary to construct a prospective registry that includes some values to assess the patient's oxygenation status.
Fourth, we could not adjust the rescuer's interpersonal variability. The proficiency of airway management may be different among rescuers, and the quality of CPR they provide may not be homogenous.
Fifth, considering the small number of event of good neurologic outcome (n = 37), it would be considerate to reduce the number of variables as much as possible, preferentially less than four, as recommended previously. 40 In our final model, the total number of explanatory variables was 8. The reason for including all of these in the model is that the included variables are considered biologically important, and if these variables are excluded, they can cause considerable bias.
Sixth, treating each three hospital site as random effect would be appropriate considering the structure of our data set. However, given the small sample size of our data set, we could not include the variable in the analysis because we concerned that it would increase the degree of freedom and risk of overfitting.
We initially considered that a prehospital SGA could provide early adequate oxygenation and lead to a decrease in hypoxic brain injury during the lowflow time. However, because this study was a retrospective cohort study, no protocolized oxygen measures were obtained at prehospital and hospital levels. Further prospective studies are needed to confirm whether the prehospital SGA actually improves oxygenation.
CONCLUSIONS
The prehospital use of supraglottic airway was independently associated with 28-day good neurologic outcome in cardiac arrest victims when postresuscitation variables were adjusted. 
